The immunosuppressive activity exerted by myeloid-derived suppressor cells (MDSCs) in both pre-clinical tumor models and cancer patients has been intensively characterized. 1 In lung cancer, the levels of circulating MDSCs correlate positively with disease progression and immunosuppression. 2, 3 Despite consistent progresses in front line therapies, lung neoplasms reign as the leading cause of cancer-related deaths. 4, 5 In this setting, a major contribution to the growth of primary neoplastic lesions as well as to the relapse of therapy-resistant tumors is provided by the inhibition of host antitumor immune functions, resulting in reduced overall survival. Our goal was to develop a multipronged approach that would reactivate antitumor immune responses to limit tumor growth and extend the survival of lung cancer patients.
To this aim, we combined gemcitabine, a widely-employed chemotherapeutic agent for lung cancer that depletes MDSCs, with a superoxide dismutase (SOD) mimetic, which inhibits the production of reactive oxygen species (ROS) in the tumor microenvironment (TME). Elevated ROS levels promote indeed a state of oxidative stress that favors tumor progression. Using a syngeneic, immunocompetent murine model, we convincingly demonstrated that this combination therapy effectively reduces the growth of lung cancers by inhibiting the immunosuppressive activity of MDSCs, depleting tumor-infiltrating regulatory T cells (Tregs) and by limiting ROS levels in the TME. Both quantitative and qualitative features of tumorspecific memory CD8 + T-cell responses, including their polyfunctionality and cytotoxic potential, were enhanced by our combinatorial regimen. 6 We demonstrated that the activation of signal transducer and activator of transcription 3 (STAT3) and metabolic alterations contributed to such an enhancement. Specifically, we observed increased central memory T (T CM )-, effector memory T (T EM )-and stem cell memory T (T SCM )-cell responses in tumor-bearing mice that received the combination therapy (Fig. 1) . In this setting, the adoptive transfer of both T CM and T EM cells increased the survival of tumor-bearing mice by nearly 80%. Most importantly, these cells conferred long-term protection to mice against a re-challenge with living cancer cells of the same type.
Our combinatorial therapeutic approach has the potential to improve the persistence and function of T cells while inhibiting the immunosuppressive activity of MDSCs, Tregs, and tumorassociated neutrophils (TANs), resulting in robust and protracted antitumor immune responses. This treatment can be extended to malignancies including breast carcinoma, multiple myeloma and ovarian cancer, in all of which the influx of MDSCs is associated with the suppression of antitumor immune responses and disease progression. SOD mimetics are currently being used for the treatment of patients with metastatic renal carcinoma and melanoma. In both these settings, SOD mimetics have been shown to enhance antitumor immunity while reducing the side effects of immunotherapy. 7 We strongly believe that combining SOD mimetics with gemcitabine, which is also used to treat lung cancer patients, will significantly reduce tumor burden while protecting these individuals from disease recurrence.
One of the highlights of our study is the ability of gemcitabine combined with a SOD mimetic to improve the quantity and quality of tumor-targeting memory CD8 + T-cell responses. Preclinical studies based on the adoptive transfer of purified CD8 + T-cell populations, including ours, have revealed that lessdifferentiated cells including T SCM and T CM lymphocytes can mediate superior antitumor responses as compared with more-differentiated memory cells such as T E lymphocytes. Presumably, this is due to the increased ability of the former 2 T-cell populations to persist and proliferate in vivo. Hence, there has been great interest in understanding the molecular mechanisms that govern the generation of long-lived memory T-cell subsets for developing potent immunotherapies against cancer and infectious diseases. We noted that the T CM and T EM cells isolated from mice treated with our combinatorial regimen are metabolically distinct (notably, more dependent on glycolysis) than those obtained from mice treated with gemcitabine or a SOD mimic alone. Gubser et al. have recently reported that an early glycolytic switch in memory CD8 + T cells enables the rapid acquisition of effector functions during recall responses. 8 Such a glycolytic metabolism may also increase the lifespan of memory T cells by limiting oxidative stress. Since memory T-cell subsets migrate and occupy various microenvironmental niches, a glycolytic metabolism may provide them with an improved ability to adapt to changes in nutrient availability and local conditions like oxidative stress. Memory CD8 + T cells have a bioenergetic advantage that endows them with a rapid recall potential. 9 Sukumar et al. have recently demonstrated that an increased glycolytic flux enhances the cytolytic functions of T CM and T EM cells, including their ability to secrete perforin and granzyme B. 10 In our model, we obtained similar effects by treating tumor-bearing mice with gemcitabine and a SOD mimetic. Alterations in the redox potential of the TME might contribute to the preservation of an optimal glycolytic metabolism in memory T cells. ROS are known to play a role in activation-induced cell death. As SOD mimetics dramatically reduce ROS levels, they may allow for the improved proliferation of activated T cells. Gemcitabine, while depleting MDSCs, also limits the levels of ROS in the TME. Hence, it is possible that memory cells from mice treated with our combinatorial therapy exhibit enhanced antitumor properties, a possibility that will be investigated in the near future.
Memory T-cell populations obtained from tumor-bearing mice subjected to our combinatorial therapy also conferred protection against a re-challenge with cancer cells of the same type. Adoptively transferred memory T cells efficiently proliferated upon re-encountering cancer cells, and in this setting immunosuppression was reduced in the absence of gemcitabine and SOD mimetic. As mentioned earlier, lung cancer has a high relapse rate, mostly due to chemoresistance. The use of novel combinatorial therapies such as the one we have commented herein might result in optimal antineoplastic effects by directly inhibiting tumor growth while exerting an immunostimulatory activity. Tumor-targeting memory T-cell responses developing in cancer patients may keep neoplasms under remission and hence limit the rate of relapse. In summary, the treatment regimen developed by our research group might perhaps be employed as an adjuvant to current treatment options for the treatment of lung cancer patients.
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